Objective. To characterize the clinical correlates and outcome of inflammatory ocular disease (IOD) among patients with ANCA-associated vasculitides (AAV).
Introduction
ANCA-associated vasculitides (AAV) are a group of systemic vasculitides that primarily affect small and mediumsized vessels. ANCA consists of two subtypes, namely perinuclear ANCA (p-ANCA), usually directed against MPO-ANCA, and cytoplasmic ANCA (c-ANCA), almost always directed against PR3-ANCA. PR3-ANCA is detected in the majority of patients with granulomatosis with polyangiitis (GPA) while MPO-ANCA is detected in the majority of patients with microscopic polyangiitis (MPA) and approximately half of patients with eosinophilic GPA (EGPA) [1] . ANCA specificity is predictive for response to treatment. Rituximab is more effective than CYC as induction therapy in patients with AAV who have PR3-ANCA while both treatments are equally effective in those with MPO-ANCA. Similarly, ANCA specificity is predictive for long-term prognosis as patients with positive PR3-ANCA are at higher risk of relapse than those with positive MPO-ANCA [2] .
AAV have a variable clinical expression with multisystem involvement. The most commonly affected organs include lungs, kidneys, skin, paranasal sinuses, joints and peripheral nerves. Involvement of the lung and kidney is associated with a less favourable prognosis with a higher morbidity and mortality [3] .
Inflammatory ocular disease (IOD) is a frequent manifestation of AAV. All parts of the eye and orbit can be affected. However, data on epidemiology, clinical presentation, relationship with ANCA status and outcome of AAV patients with IOD are limited as previously reported studies generally had a small number of subjects [48] . The current study was conducted with the aim of describing clinical characteristics of IOD in AAV in a cohort of patients who were seen at the Mayo Clinic, MN, USA.
Methods

Data source and study population
Medical records of potential cases of patients with AAV seen at Mayo Clinic from 2003 to 2013 were identified from the institutional database using diagnostic codes related to ANCA-associated vasculitis, GPA, Wegener's granulomatosis, MPA, EGPA and Churg-Strauss syndrome. Those medical records were individually reviewed to confirm the diagnosis of AAV based on physician diagnosis, compatible clinical presentation and pertinent laboratory investigation such as ANCA and pathology that fulfilled the Chapel Hill Consensus Conference 2012 descriptors [9] . Medical records of the confirmed cases of AAV were then further reviewed for IOD. Data on demographics, clinical diagnosis, systemic and ophthalmological manifestations, laboratory investigations, medical treatments, surgical interventions, outcomes and complications were abstracted. BVAS for granulomatosis with polyangiitis (BVAS/GPA) at IOD diagnosis was calculated from the extent of organ involvement [10] .Approval for this study was obtained from the Mayo Clinic institutional review board and the need for informed consent was waived.
Statistical analysis
Descriptive statistics (means, percentages, etc.) were used to summarize the data. Chi-squared and rank sum tests were used for comparisons between groups. A P < 0.05 was considered statistically significant for all analyses. Analyses were performed using SAS version 9.4 (SAS Institute, Cary, NC, USA).
Results
A total of 1955 medical records with diagnostic codes related to AAV were identified from the institutional database. After individual medical review, diagnosis of AAV was confirmed in 1171 patients. Most of the excluded patients were patients who were initially evaluated for AAV but were ultimately found to have other diagnoses. Our search algorithm picks up any patient who ever had the diagnostic codes of AAV attached to the medical record. The high sensitivity but low specificity of diagnostic codes of AAV has been observed in other databases as well [11] . Of the 1171 included patients with confirmed AAV, 183 patients (mean age at IOD diagnosis 49.0 years; 51% female; 95% Caucasian) had IOD. The median follow-up after IOD diagnosis was 6.6 years. At diagnosis, PR3-ANCA was positive in 117 patients (64%) and MPO-ANCA was positive in 39 patients (21%). ANCA serology was negative in 27 patients (15%), and none of these became positive during follow-up. GPA was the most common clinical diagnosis (152 patients, 83%), followed by MPA (23 patients, 13%) and EGPA (8 patients, 4%). Tables 1 and 2 summarize the demographics, clinical characteristics and outcome of patients with IOD in this cohort by ANCA subtype and clinical diagnosis, respectively.
Overall, among the 183 patients with IOD, IOD was one of the initial manifestations that led to diagnosis of AAV in about half of them (53%) with median time from IOD to diagnosis of AAV of 1.8 months. IOD was more likely to be the initial manifestation of MPO-ANCA-associated disease (69%) and negative-ANCA disease (67%) than PR3-ANCA-associated disease (45%; P = 0.008). However, this difference was not observed with the analysis by clinical diagnosis. IOD occurred after the diagnosis of AAV in 47% of patients with median time from diagnosis of AAV to the first occurrence of IOD of 40.2 months. Mean (S.D.) BVAS/GPA during active IOD was 5.0 (3.9). Mean BVAS/GPA was significantly lower among those with negative ANCA [2.7 (2.6)] compared with those with MPO-ANCA-associated disease [5.7 (4.2)] and PR3-ANCA-associated disease [5.3 (3.9); P = 0.002]. This difference was not observed with the analysis by clinical diagnosis.
The most common manifestation of IOD was ocular injection (105 patients, 57%) followed by eye pain (84 patients, 46%), visual acuity (VA) loss (33 patients, 18%; gradual loss 22 patients, 12% and sudden loss 11 patients, 6%), diplopia (30 patients, 16%), epiphora (25 patients, 14%) and photophobia (21 patients, 11%). IOD was bilateral in 74 patients (40%). Percentages of bilateral involvement for specific type of IOD are as follows: 75% for conjunctivitis, 73% for cranial nerve palsy, 67% for retinal vasculitis, 53% for episcleritis, 50% for optic neuritis, 33% for orbital inflammation, 29% for peripheral ulcerative keratitis, 29% for amaurosis fugax, 28% for scleritis and 25% for uveitis. The majority of those who had bilateral IOD had the disease in both eyes at the same time (60 patients, 81%); eyes' involvement was sequential in 14 patients (19%). Scleritis was the most common subtype of IOD (40 patients, 22%) followed by episcleritis (39 patients, 21%), orbital inflammation (inflammatory orbital pseudotumour/ orbital myositis) (33 patients, 18%), lacrimal duct stenosis (19 patients, 10%), uveitis (16 patients, 9%), conjunctivitis (12 patients, 7%), cranial nerve III, IV or VI palsy (11 patients, 6%), dacryoadenitis (8 patients, 4%), optic neuritis (7 patients, 4%), amaurosis fugax (7 patients, 4%), peripheral ulcerative keratitis (7 patients, 4%) and retinal vasculitis (3 patients, 2%).
In the analysis by serology (Table 1) , the order of frequency of subtype of IOD among patients with PR3-ANCA-associated disease was similar to the order of frequency of subtype of IOD for the entire cohort as they were the majority of patients in this cohort. Among those with MPO-ANCA-associated disease, episcleritis, orbital inflammation and cranial nerve III, IV or VI palsy were more common than scleritis. On the other hand, orbital inflammation was by far the most common subtype of IOD (44%) among those with negative ANCA. A total of five patients had positive non-specific ANCA (i.e. positive c-ANCA or p-ANCA without positive MPO-ANCA and PR3-ANCA). One had orbital pseudotumour and optic neuropathy, one had episcleritis, one had scleritis and two had amaurosis fugax. The presenting symptoms include eye pain (two patients), sudden visual loss (one patient), gradual vision loss (one patient), dryness (one patient), floater (one patient) and ocular injection (two patients).
Similarly, in the analysis by clinical diagnosis (Table 2) , the order of frequency of subtype of IOD among patients with GPA was similar to the order of frequency of subtype of IOD for the entire cohort as they were the majority of patients in this cohort. Scleritis, episcleritis and conjunctivitis were also common among patients with MPA. However, orbital pseudotumour/myositis was very uncommon; it was found in only one case. IOD was an uncommon manifestation of EGPA with only eight cases observed in this cohort. Cranial nerve III, IV or VI palsy, amaurosis fugax, optic neuritis and episcleritis were the subtypes of IOD seen in EGPA.
Detailed ophthalmological examination was available in 36 of 40 patients with scleritis. All of them had anterior scleritis. Data on subtype of anterior scleritis were available in 30 cases. Diffuse anterior scleritis was the most common subtype (16 cases) followed by nodular anterior scleritis (9 cases), scleromalacia perforans (3 cases) and necrotizing anterior scleritis (2 cases).
Orbital inflammation/pseudotumour was observed in 33 patients. ANCA was negative in about one-third of them (36%), while PR3-ANCA was positive in 45% and MPO-ANCA was positive in 19%. All but one patient had clinical diagnosis of GPA. Imaging of the orbit was obtained in all patients and contiguous sinus involvement was noted in the majority of patients (28 of 33 patients). Most of these patients with orbital inflammation (88%) underwent orbital biopsy which revealed necrotizing vasculitis (52%), small vessel vasculitis without necrosis (14%), chronic non-specific inflammation (21%) and granulomatous inflammation (14%). Orbital inflammation was the only manifestation at diagnosis in 10 patients (30% of all patients with orbital inflammation). Among those 10 patients, ANCA was negative in 3, MPO-ANCA was positive in 3 and PR3-ANCA was positive in 4. Uveitis was observed in 16 patients; 15 had anterior uveitis and 1 had panuveitis. The majority of them (14 patients, 88%) had PR3-ANCA. Similarly, the majority of them (15 patients, 94%) had clinical diagnosis of GPA.
Oral glucocorticoids were used to treat IOD in the majority of patients (175 patients, 96%) while topical glucocorticoids were used in 28% (52 patients). CYC was the most frequently used immunosuppressive agent (99 patients, 54%) followed by rituximab (65 patients, 36%), MTX (54 patients, 30%), AZA (50 patients, 27%) and MMF (27 patients, 15%). These immunosuppressive agents were often used in combination (most commonly, MTX and rituximab). Treatment decisions were made based on the patient's overall disease presentation and only in the minority of patients based only on the eye disease.
Of 33 patients with orbital inflammation/pseudotumour, 15 (45%) underwent debulking surgery and 2 (6%) underwent orbital decompression surgery. Over half of these patients (17 patients, 52%) also received intra-orbital glucocorticoid injections. Twenty-eight patients (85%) with orbital inflammation/pseudotumour achieved remission with therapy. Of 19 patients who had lacrimal duct stenosis from AAV, 15 (79%) underwent dacryocystorhinostomy. Medications and surgical treatments for eye diseases by ANCA subtype and by clinical diagnosis are provided in Table 3 .
Clinical remission of eye inflammation was achieved in 167 patients (91%). Analysis by clinical diagnosis revealed that 100% of patients with EGPA and MPA achieved clinical remission while 89% of patients with GPA achieved this (P = 0.19). Analysis by serology revealed a similar percentage of remission between PR3-ANCA-associated disease and MPO-ANCA-associated disease (92 and 97%, respectively) but the percentage was significantly lower among those with negative ANCA (78%, P = 0.011).
Relapse of IOD was common. A total 42 patients (23%) had at least one relapse during follow-up which included 13 patients with scleritis (33% of all patients with scleritis), 13 episcleritis (33% of all patients with episcleritis), 5 orbital inflammation/pseudotumour (15% of all patients with orbital inflammation/pseudotumour), 3 uveitis (19% of all patients with uveitis), 2 lacrimal duct stenosis (11% of all patients with lacrimal duct stenosis), 1 lacrimal gland disease (13% of all patients with lacrimal gland disease), 1 conjunctivitis (8% of all patients with conjunctivitis), 1 amaurosis fugax (14% of all patients with amaurosis fugax) and 1 eyelid skin lesion (which is the only patient with eyelid skin lesion). In all but five patients, the ocular involvement in relapse was of the same type as the initial IOD. Relapse of IOD occurred in isolation in 22 patients and in association with flare of other organs in 20 patients. The median number of relapses was 1. Clinical diagnosis was not predictive of relapse (25% in GPA, 17% in MPA www.rheumatology.oxfordjournals.org and 0% in EGPA; P = 0.21), nor of serological status (24% in PR3-ANCA-associated disease, 26% in MPO-ANCAassociated disease and 15% in negative ANCA disease; P = 0.54). During follow-up, 36 patients (20%) developed cataract, 15 patients (8%) developed glaucoma and 9 patients (5%) developed optic nerve atrophy.
VA of the worst eye of 81 patients who had at least two ophthalmology visits at Mayo Clinic is summarized in Fig. 1 . A total of 33 patients (41%) had VA of 20/20 at the initial visit and only 7 of them had worsening of VA at the last visit. Among the 48 patients who had VA worse than 20/20 at the first visit, 20 (42%) had improved VA at the last visit, 12 (25%) had the same VA and 16 (33%) had worsened VA. However, only six patients (7%) lost more than three lines of VA. Of those six patients, three had orbital inflammation, one uveitis, one scleritis and one had conjunctivitis. Cataracts developing during follow-up were responsible for reduced VA in two patients with scleritis and conjunctivitis. A total of four patients (5%) had VA of < 20/200 at last visit.
Discussion
This is a large retrospective cohort study with a long period of follow-up that investigates the clinical characteristics and outcomes of IOD in patients with AAV. Eye involvement was frequent, with 16% of patients developing IOD.
Frequency of eye involvement varied considerably among previous studies, ranging from 6 to 70% [7, 1215] depending on studied populations and methods used to identify the cohort and IOD. In the current study, among those 16% of patients with AAV who had IOD, IOD was one of the initial manifestations leading to diagnosis of AAV in about half of them. Thus, clinicians must have a high degree of suspicion for AAV on evaluating patients with ocular inflammation. ANCA serology could be considered as a screening tool; ANCA were positive in the majority of AAV patients with IOD.
Scleritis and episcleritis were the most common types of IOD in this cohort, particularly for those with PR3-ANCA-associated disease, which is in line with previous studies [6, 12, 16] . Ocular injection and eye pain, the usual manifestations of scleritis and episcleritis, were the most frequent ophthalmological manifestations in this cohort. Necrotizing variant of anterior scleritis has been reported in a variable number of patients in the literature, with one study reporting necrotizing scleritis in about two-third of patients with scleritis [5, 17] . However, it was observed in only two patients from the total of 40 patients with scleritis in the current study.
A total of 33 patients had orbital inflammation/pseudotumour, which was the third most common subtype of IOD. Of these, the majority had orbital pain as one of the presenting symptoms (76%). Other common presenting symptoms included diplopia (45%) and injection of the eye (27%). The majority of these patients had positive biopsy for either granuloma or vasculitis (83%). This observation is consistent with previous studies that reported biopsy findings of either granuloma or vasculitis in 7585% of patients with orbital inflammation [6, 16, 18, 19] . Interestingly, 30% of those with orbital inflammation did not have other organ involvement at the time of AAV diagnosis and one-third of these patients had negative ANCA. All values are given as n (%). c-ANCA: cytoplasmic ANCA; p-ANCA: peri-nuclear ANCA; EGPA: eosinophilic granulomatosis with polyangiitis; GPA: granulomatosis with polyangiitis; MPA; micropolyangiitis.
Contiguous sinus involvement was noted in the majority of patients with orbital inflammation/pseudotumour. A noncontiguous orbital infiltrate or inflammatory dacryoadenitis without any sinus disease was less common but underscores the notion that AAV should be included in the differential diagnosis of any patient who presents with orbital inflammation regardless of associated symptoms and/or ANCA status. Oral glucocorticoids were the mainstay of IOD treatment in this cohort. CYC and rituximab were the most frequently used immunosuppressive agents. Over half of patients with orbital inflammation underwent surgical intervention (debulking surgery or decompression surgery) in addition to immunosuppressive therapy. Similarly, the majority of patients with lacrimal duct stenosis from AAV underwent dacryocystorhinostomy. Response to treatment is generally good as over 90% of patients achieved remission. Only six patients lost more than three lines of VA during follow-up and only four patients had VA of the worse eye less than 20/200 at the last visit. The outcome of this cohort is more favourable compared with older studies that observed significant visual loss in up to 15% of patients [7, 18, 20] . The improvement may reflect a better understanding of the disease and increased availability of treatment options in more recent years. However, relapse remained common. Interestingly, about half of the time, relapse of IOD occurred in isolation without flare of other organs.
In this cohort, neither categorization of patients per serological status or clinical phenotype was predictive of clinical outcome. Subtype of IOD was more useful to predict relapse/response to treatment. For example, the percentage of patients who did not achieve remission in the entire cohort was only 9% but it was as high as 15% among those with orbital inflammation. Similarly, about one-third of patients with scleritis/episcleritis experienced relapse while only 13% of patients with lacrimal gland disease and 8% of patients with conjunctivitis experienced relapse. It should be noted that in the analysis by serology, the percentage of patients who did not achieve remission was higher among those with negative ANCA compared with those with either PR3-ANCA-associated disease or MPO-ANCA-associated disease. However, the difference was primarily driven by the fact that about half of patients with IOD who had negative ANCA had orbital inflammation/pseudotumour.
The major strengths of this study are that it is based upon a large cohort with long duration of follow-up. The database allows capture of IOD that occurred after the initial diagnosis of AAV. Data on treatment and outcome were also available. Medical records of all cases were individually reviewed. Therefore, the accuracy of the www.rheumatology.oxfordjournals.org diagnosis was high. The major limitations are those inherent in the retrospective study design, as the data on clinical manifestations and laboratory investigation were not systematically collected in a prospective fashion and, therefore, all the pertinent information might not be recorded. Not all of the AAV patients in the cohort came to ophthalmological attention, so that subclinical eye involvement may not have been detected in an unknown number of cases. Some patients who had a milder type of IOD, such as episcleritis and conjunctivitis, had only one ophthalmology visit. Therefore, data on VA during follow-up visit were only available in about half of the cohort. It is also possible that the patients in this cohort may not represent the true spectrum of the disease in the general population as it consists of AAV patients who were seen at a single tertiary care centre.
Conclusion
IOD occurred in about one-fifth of patients with AAV. Scleritis, episcleritis and orbital inflammation were the most common subtypes of IOD. Response to treatment was generally satisfactory with over 90% achieving clinical remission. Significant reduction of VA was infrequent.
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